Purpose: Local recurrence, due to residual tumor, may occur after endoscopic resection for early gastric cancer. The aims of this study are to evaluate the predictive factors for local recurrence, and suggest an appropriate follow-up biopsy strategy. Materials and Methods: We retrospectively reviewed 396 early gastric cancers from 372 consecutive patients, who underwent endoscopic resection between January 2002 and April 2008. Cumulative recurrence rates were determined by the Kaplan-Meier method, and Cox proportional hazard analysis was used to determine the risk factors for local recurrence. Results: Local recurrence at the endoscopic resection site was found in 17 cases, among the total 396 lesions, during a median follow-up period of 48 months. The 5-year cumulative local recurrence rate was 4.8%. Multivariate analyses determined that tumor involvement at the lateral resection margin [hazard ratio: 35.9; P<0.001], uncheckable lateral resection margin [hazard ratio: 16.8; P<0.001], uncheckable or involved deep resection margin [hazard ratio: 3.76; P=0.047], and piecemeal resection [hazard ratio: 3.95; P=0.007] were associated with local recurrence. If a lesion was positive for any of these risk factors, the 5-year cumulative recurrence rate was 27.0%, while local recurrence was not found in any lesion that lacked these risk factors. Most episodes of recurrence were found during the first or second follow-up endoscopic biopsy at the ulcer scar. Conclusions: Routine follow-up biopsies at the endoscopic resection site might be unnecessary in cases where an early gastric cancer lesion was endoscopically resected en bloc with tumor-free lateral and deep margins.
Introduction
Endoscopic resection (ER) is a treatment option for early gastric cancer (EGC) with minimal risk of lymph-node metastases that it is less invasive than surgical resection and offers a better quality of life.(1) Endoscopic mucosal resection (EMR) is associated with a high risk of local recurrence (range: 2~35%)(1-6) due to the piecemeal resection of large lesions. (7, 8) Despite endoscopic submucosal dissection (ESD) having high en bloc and curative resection rates, (3, 9, 10) local recurrence has been found to occur after ESD as well (range: 1~5%). (8) (9) (10) (11) (12) To detect local recurrence after ER, follow-up endoscopies were performed two to four times during the first year and annually thereafter, and biopsy specimens were routinely taken from the post-ER ulcer scar during each endoscopy irrespective of curability. (4, 9, 13) However, a recent study reported that use of followup endoscopy for the surveillance of local recurrences could be modified according to curability because there were no episodes of recurrence in patients with a complete resection, whereas local recurrence occurred in about 15% of patients with an incomplete resection. (11) There have been few reports about the proper strategy in terms of follow-up biopsies for the surveillance of local recurrence after ER. This is important because routinely obtaining biopsy specimens from the ER ulcer scar during each follow-up endoscopy increases medical costs and may increase patient anxiety.
In this study, we aimed to evaluate individual risk factors associated with local recurrence and determine the appropriate followup strategy for surveillance against recurrence after endoscopic treatment for EGC based on these risk factors.
Materials and Methods 
ER technique
ER was performed by ESD or EMR, either by a cap-fitted endoscope and suction method (EMR-C) or a circumferential mucosal incision and snaring method (EMR-P). Patients were sedated with midazolam (2.5~5.0 mg) and meperidine (25~50 mg) administered intravenously. EMR-C was performed with a single or twochannel endoscope (GIF-Q240 or GIF-2T240; Olympus Co. Ltd, Tokyo, Japan), transparent hoods (MH-594 or MAJ-665; Olympus Co. Ltd), and a crescent-shaped snare (SD-7P-1; Olympus Co. Ltd) as previously described. (14) The EMR-P was performed with a two-channel endoscope (GIF-2T240) as previously reported.
(15) After making a circumferential mucosal incision with a needle papillotome (MTW Endoscopy, Wesel, Germany), the lesion was resected by direct snaring with an oval-shaped device (SD-16L-1; Olympus Co. Ltd). ESD was performed with a single-channel endoscope (GIF-H260; Olympus Co. Ltd) as previously described. (16) After making a circumferential incision, the submucosal layer was dissected with an ESD-knife (MTW Endoscopy) and/or a fixed flexible snare (Kachu Technology, Seoul, Korea).
Histological evaluation
The location of EGC was classified into upper, middle, and lower thirds of the stomach which were defined by subdividing both lesser and greater curvatures into 3 equal lengths.(17) Retrieved ER specimens were fixed in 10% formalin. Specimens were sectioned in 2-mm intervals and evaluated pathologically according to the World Health Organization classification of gastric cancer. (18) Well-to moderately-differentiated adenocarcinoma and papillary adenocarcinoma were defined as differentiated adenocarcinoma, while poorly-differentiated adenocarcinoma, signet ring cell carcinoma, and mucinous adenocarcinoma were defined as undifferentiated adenocarcinoma. Gastric cancers were defined histologically as either intramucosal carcinoma (category 5.1) or submucosal carcinoma or beyond (category 5.2) based on the Vienna classification. (19) 4. Definition of resection margin, en bloc resection, and complete resection Resection margins were considered "free" if the tumor-free lateral margin was at least 2 mm and the tumor-free deep margin was at least 0.1 mm. If a tumor invaded the margin, the resection margin classified as ''involved''. We defined a resection margin as ''uncheckable'' when one of the following occurred:
-resection margin was impossible to evaluate due to burn injury at the margin -tumor-free margin was less than 2 mm in a lateral resection margin or less than 0.1 mm in a deep resection margin -lack of a complete reconstruction in a piecemeal resection.
A resection was determined to be an en bloc resection if the tumor was resected in a single piece endoscopically as opposed to piecemeal resection. A resection was determined to be a complete resection if a lesion was resected in an en bloc pattern or a complete reconstruction was possible with tumor-free lateral and deep resection margins.
Complications during the procedure
A bleeding complication was defined as profuse bleeding during the procedure that interfered with ER procedure and was controlled by hemostatic clips (HX-600-090L or HX-610-090L; Olympus Co. Ltd). Perforation was defined as a gross defect managed with endoscopic clipping. Delayed bleeding that occurred after ER procedure completion and micro-perforations diagnosed by the presence of free air on chest radiography after the procedure were not considered in the analysis because these might not affect the main outcome.
Follow-up and surgery
Patients who had an incomplete resection or a lesion out of 
Results

Clinical course after ER
In 500 consecutive patients treated with ER, 140 of 536 EGC tumors were excluded from the analysis (excluded cases are detailed in Fig. 1 ). Thus, a total of 396 lesions in 372 patients were included in this study. En bloc resection and complete resection rates were 92.9% (368/396) and 83.6% (331/396), respectively. Among the 396 cases followed-up on with endoscopic examination, an episode of local recurrence occurred in 17 cases ( 
Factors associated with local recurrence
The mean age of the patients without recurrent cancer (n=355) was 61.7±9.9 years (range, 35~83 years), and the male to female ratio was 3.13 (269/86). On the other hand, the mean age of the patients with recurrent cancer (n=17) was 64.0±9.1 years (range, 47~85 years), and the male to female ratio was 3.25 (13/4) . No significant difference was found between two groups in terms of age, gender (P=0.328, P＞0.99, respectively). Tumor characteristics and the clinical outcomes of ER are summarized in Table 1 . The relative frequency of submucosal invasion in the recurrent cancer group was significantly higher than that in the group without recurrent cancer (P=0.019). Of the parameters measured relating to the clinical outcomes of ER, the recurrent cancer group was significantly more likely to have had an EMR performed, uncheckable/involved lateral and deep resection margins, and piecemeal resection performed than the group without recurrent cancer (P＜0.001).
Risk factors for local recurrence were assessed by Cox proportional hazard analysis (Table 2 ). Multivariate analyses determined that an involved or uncheckable lateral resection margin, an uncheckable/involved deep resection margin, and a piecemeal resection were significantly associated with local recurrence. The 5-year Values are presented as mean±standard deviation (range) or n (%). EGC = early gastric cancer; ER = endoscopic resection; ESD = endoscopic submucosal dissection; EMR = endoscopic mucosal resection. *P-values were calculated with Fisher's exact test.
cumulative recurrence rates in tumors with involved or uncheckable lateral resection margins, with uncheckable or involved deep resection margins, and that were resected in a piecemeal fashion were 30.2%, 45.1%, and 33.1%, respectively (Fig. 3A~C) . These recurrence rates were significantly higher than the those for tumors that lacked the corresponding risk factor (no involved or uncheckable lateral resection margins: 1.3%, no uncheckable or involved deep resection margins: 3.8%, and no piecemeal resection: 2.5%; all P ＜0.001). There were no episodes of local recurrence in cases without any of the above risk factors, while the 5-years cumulative recurrence rate was 27.0% if a case had any of the risk factors (P＜0.001; Fig. 3D ).
Factors indirectly associated with local recurrence
We evaluated the factors associated with the confirmed risk factors for local recurrence (Table 3 ). Multivariate analyses showed that tumors larger than 2 cm in diameter, the EMR method, and complications during the procedure were significantly associated with an involved or uncheckable lateral resection margin, while EMR was significantly associated with an involved or uncheckable deep resection margin. Tumors larger than 2 cm in diameter, tumors in the upper and middle part of the stomach, invasion into the submucosa, and EMR were all significantly associated with piecemeal resection. Recurrence led to endoscopic findings of ulcer scars and/or subtle erythematous changes in three cases, and these episodes of recurrence were detected by the fourth to sixth endoscopic follow-up biopsy. Endoscopic examination showed an ulcerofungating mass in the remaining two cases. One patient had a tumor that was resected in a piecemeal fashion and had an uncheckable lateral resection margin and involved deep resection margin. This patient refused additional surgery, and was lost to follow-up immediately after ER and was found to have an ulcerofungating mass upon returning 30 months later. The other patient had a tumor with lymphovascular invasion resected in a piecemeal fashion but refused additional surgery. This patient was followed for 12 months without any evidence of local recurrence (four consecutive endoscopic biopsies at the ulcer scar only showed chronic gastritis). The patient was then lost to follow-up for 37 months and upon returning, an ulcerofungating mass at the ER site was found via endoscopy.
Endoscopic findings of local recurrence and the risk factors for local recurrence
Discussion
In this study, we evaluated risk factors for local recurrence of EGC at the ER site to help suggest an adequate follow-up biopsy strategy. Our data showed that involved or uncheckable lateral resection margin, uncheckable/involved deep resection margin, and piecemeal resection were significantly associated with local recurrence of EGC after ER. Since local recurrence due to residual tumor was not found without any of these risk factors, routine follow-up biopsies may not be necessary for cases in which the tumor is completely resected in an en bloc pattern.
Local recurrence is a main problem during follow-up after ER In our study, piecemeal resection was associated with local recurrence. A study including only EMR-P cases reported that local recurrence rate for lesions resected en bloc (4.1%) was significantly lower than that for lesions resected in multiple fragments (17%). (5) Moreover, when a lesion was resected in more than three pieces, the recurrence rate rose to above 20%. (24) These results support our data showing that piecemeal resection was a significant risk factor for local recurrence. In contrast, in studies including only ESD cases, local recurrence was strongly associated with incomplete resection but not with piecemeal resection.(10,11) However, since en bloc resection rates were much higher in patients who underwent ESD (2, 3, 8, 25) than in patients who underwent EMR, this lack of significant association between local recurrence and piecemeal resection may be due to the studies not having a sufficient number of piecemeal resection cases.
Previous reports that evaluated factors in the local recurrence In summary, our study showed that local recurrence of gastric cancer after ER was not found in cases that lacked involvement of resection margins and in which piecemeal resection of the tumor was not performed. Thus, the schedule for follow-up endoscopies and biopsies should be individualized according to risk factors for local recurrence. If a lesion was resected en bloc with tumor-free margins, routine biopsies at the ER scar might not be necessary.
This approach may reduce medical cost and patient anxiety that accompanies avoidable routine follow-up biopsies. However, surveillance endoscopy is still needed in these patients due to the risk of metachronous developments of gastric cancer.
